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CIRCUITS FOR DISCHARGE LAMPS 


By R. MAXTED, B.E.(Elec.), B.E.(Mech.), M.I.E.E., F.lnst.P., (Fellow) 
and J. N. HULL, B.Sc.(Eng.), A.M.I.E.E. (Member) 


(Paper read on April 18, 1945.) 


(1) Introduction 

The electrical circuit of the dis- 
charge lamp has to satisfy two princi- 
pal sets of requirements. Basically 
it must both establish and maintain 
the electrical conditions essential to 
the normal functioning of the lamp. 
To be acceptable in everyday prac- 
tice the circuit should conform 
to certain electrical engineering 
standards, and should also be realis- 
able in the form of auxiliary com- 
ponents which the user can regard 
with equanimity as simple, robust, 
and even convenient. Any circuit 
arrangement should, therefore, be 
appreciated as an attempt to meet 
two distinct and possibly conflicting 
aims—perfection in physics and un- 
obtrusiveness in use. 

There is an expanding demand for 
new and improved light sources hav- 
ing widely divergent characteristics 
as expressed in terms of brightness 
and size, shape and colour. Already 
the lamp research engineer has suc- 
cessfully utilised somewhat differing 
phenomena and techniques, and it is 
not surprising that this versatility in 
lamp design is reflected in the in- 
timately co-operating control circuits. 

Diversity in circuit practice is more 
apparent in the manner of initiating 
the discharge than in the means of 
maintaining continuous stable opera- 
tion. Are stabilisation practice is 
quite firmly established, and the 
problems vary from lamp to lamp 
mainly in degree. It is, therefore, 
convenient to examine this aspect of 
the subject first, thus gaining a 
vantage point from which to review 
the more exciting transient phase by 


which 
reached. 

This paper is intended as a review 
of circuit practice and trends, and 
certainly not as an exhaustive ex- 
position of the principles of circuit 
design and development. 


stable lamp _ operation ‘is 


(2) The Elements of Arc Stabilisation 

The basic need for stabilisation 
arises from the inherent “ negative 
resistance” characteristic of most 
electric discharge sources. Thus in 
the normal operating condition of the 
discharge, the arc voltage decreases 
with an increase in current. Even 
where this effect is slight, the lamp 
current will rise rapidly to destruc- 
tive values unless limited by some 
external series impedance. Experi- 
mental evidence of this fact is so re- 
liable that physicists and mathema- 
ticians are encouraged to seek 
theoretical explanations of equally 
devastating consequence,‘') and such 
labours may ultimately culminate in 
the chokeless lamp. With present 
types, however, the stabilisation re- 
quirement is dictated in quite minute 
detail by various factors which, while 
unspectacular, cannot be ignored in 
practice. 

It is almost universal practice to 
use low-loss iron-cored reactors, or 
high-reactance transformers, for 
stabilising lamps on A.C. mains. A 
series resistance, even when in the 
form of an incandescent filament 
lamp, gives a lower overall luminous 
efficiency, and its use is normally re- 
stricted to D.C, mains. Condensers 
are also used for lamp stabilisation 
on A.C. supplies, but only in com- 


— 199 — 











R. MAXTED AND J. N. HULL ON 


bination with chokes when the supply 
frequency. is as low as 50 cycles. See 
Sections (7) and (12). es: 

It is important that any study of 
the lamp: circuit, particularly when 
undertaken primarily as an installa- 
tion problem, should be based on an 
appreciation of the extremely close 
relationship between circuit charac- 
teristics and lamp performance. 
While it is well known that lamp cur- 
rent and wattage are regulated by 
the circuit, it is not so widely realised 
“that the life, light output, effective 
power factor, and stability of opera- 
tion of the lamp may all be adversely 
affected by a circuit which is indis- 
putably.. operating. the lamp at 
“rated.” RMS current and wattage. 
This is due to the fact that lamp volt- 
age and current waveforms are 
greatly influenced by circuit design, 
and satisfactory lamp performance 
depends on the maintenance through- 
out the circuit of voltage relation- 
ships appropriate in both phase and 
magnitude. 


(3) The Basis of Choke Stabilisation 

“Tt Practice 

The general nature of the stabilisa- 
tion problem is perhaps best shown 
by“a typical instance of established 
practice ‘). @) followed by an ex- 
‘amination of the underlying factors. 
While’ the 400-W HPMV lamp is 
hére-taken as an example, the same 
‘arguments apply in varying degree 
to’ other types of lamp. 

(3.1) CHOKE STABILISATION OF THE 400-W 
HPMV Lamp - 

The basic control circuit of Fig. 1 
is not complicated by speeial starting 
devices, since the 400-W lamp is de- 
Signed‘ ‘to ‘start at mains voltage. 
‘Theré'\is; however, an ‘initial “ run- 
‘ing-up ” period before normal operat- 
‘ing’ ¢onditions are réached, as shown 
‘in 'Pig:'2.' At ‘first the lamp. drop is 
about’ 15 volts;'‘and the difference 
betwee this and mains voltage has 
to bé .absorbéd “by the choke. ‘As the 
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Fig. |. [Basic choke stabilisation circuit 
—400-W. H.P.M.V. lamp. 


lamp warms up, the vapour pressure 
rises and the arc voltage increases 
until stable conditions are established 
when all the mercury is evaporated 
and the vapour is superheated. 

The ultimate lamp voltage is de. 
termined by the amount of mercury 
inserted in the lamp, and may be re- 
garded as constant for any individual 
lamp operating within- normal wat- 
tage limits. A value of about 0.6 has 
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Fig. 2. Lamp current and voltage during 
run-up of 400-W.-H.P.M.V. lamp. 
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been adopted for the ratio lamp 
yolts/supply volts, and with a choke 
designed for minimum losses, and 
jow power factor, the corresponding 
choke voltage is about 70 per cent. of 
supply voltage. 


(31.1) Circuit Power Factors and 
Waveforms—50 Cycle Supply 
Vectorial methods are inaccurate 
with non-sinusoidal waveforms, but 
Fig. 3 shows the approximate re- 
lationship of voltage and current at 







Choke voltage 
(starting) 


Supply voltage 





—— 
Startin 
current 


Lamp ie 


(starting) 


Fig. 3. Approximate vector diagram for 


‘400-W. choke stabilised lamp. 


the beginning and end of the run-up 
period. With normal choke stabilisa- 
tion practice, the current lags 50° to 
55° behind the supply voltage, and 
the basic circuit has an overall power 
factor of about 0.55. Although the 
lamp voltage and current are prac- 
tically in phase, the power factor of 
the lamp is only slightly better than 
0.9, due to the contrasting waveforms 
of Fig. 4. These lamp waveforms are 
characteristic of good 50-cycle choke 
stabilisation practice, and the ex- 
planation of their shape is of interest 
since it has a considerable bearing on 
circuit design. 

As the current falls to zero at the 
end of each half cycle, the arc is ex- 
tinguished and the supply voltage is 
applied to the lamp. With the cir- 
cuit power factor at 0.55, the supply 
voltage is leading the lamp current, 





80W 
P Tubular 
Pa Fluorescent 


C1) Supply Voltage (2) Lamp Voltage (3)Current 


Fig. 4. Current and voltage waveforms of 
choke stabilised lamps. 


and at current zero has already 
reached an instantaneous value suffi- 
cient to restrike the arc in the 
opposite direction. The re-establish- 
ment of the arc arrests the lamp 
voltage, which then falls slightly as 
the current rises, producing the 
characteristics rectangular wave- 
form beginning with the ignition 
peak. 

If the supply voltage waveform is 
sinusoidal, the voltage difference to 
be absorbed by the choke will trace a 
peaky waveform. Current is con- 
trolled almost wholly by the choke 
which, with a peaky applied voltage, 
produces a somewhat less distorted 
current waveform containing 5 per 
cent. to 10 per cent. third harmonic. 


(3.1.2) Significance of Circuit Power 
Factor. 

It should be noted that if the power 
factor of the basic circuit is increased 
a lower re-striking voltage will be 
available at current zero due to the 
reduction in the angle of lead of the 
supply voltage. If such a phase shift 
is carried far enough, the effect is to 
delay the rise of current, and even to 
retard re-striking of the arc. In either 
case, the result is a peakier current 
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waveform and a reduction of the 
effective power factor of the lamp. If 
there is an appreciable delay in re- 
establishing the arc, more rapid de- 
ionisation of the lamp gases will occur, 
thus increasing the voltage required 
for restriking and further distorting 
the waveforms-see Sections (5), (7), 
and (12). 

The power factor correction con- 
denser shown in Fig. 5 gives a high 
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Fig. 5. Complete practical circuit for 400-W. 
H.P.M.V. lamp. 


power factor load without upsetting 
the desired phase relationships of the 
basic circuit. 


(3.2) Factors INFLUENCING STABILISA- 
TION PRACTICE. 

The considerations which fashion 
stabilisation practice can be discussed 
conveniently in terms of the ratio 
lamp volts/supply volts. For H.P.M.V. 
lamps in common use, a value of about 
0.6 is acceptable as a basis of design 
for lamps required to operate effi- 
ciently and strike reliably at mains 
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voltages normal in Great Britain. } 
can be shown that, with this value ; 
satisfactory circuit performance is ob. 
tained with reasonable economy jp 
component design. 


(3.2.1.) Choke Rating and Losses. 

With fixed supply voltage, an ip. 
crease in lamp voltage means a re 
duced current for a given lamp wat. 
tage, and thence a reduction in both 
choke voltage and choke current for 
normal operation. For minimum 
choke size, cost, and losses therefore. 
the ratio lamp volts/supply volts 
should be as high as practicable. 


(3.2.2) Power Factor of Basic Lamp 
Choke Circuit. 


The power factor of the basic cir- 
cuit increases with lamp voltage, and 
is approximately equal to the ratio 
lamp volts/supply volts. While power 
factor correction is usually applied, 
the cost increases with the amount of 
correction required. The voltage ratio 
should therefore approach unity. 


(3.2.3) Regulation of Lamp Wattage. 

The ratio lamp volts/supply volts 
has an important influence on the 
variation of lamp wattage with supply 
voltage, and therefore upon the regu 
lation of luminous output. Since 
lamp voltage is fixed, supply voltage 
variation must be absorbed by the 
choke alone. As the choke voltage is 
always less than supply voltage 
(about 0.7), a 1 per cent. variation in 
supply voltage appears as a higher 
percentage change of choke voltage, 
and therefore of current and of lamp 
wattage. Fig. 6 shows the influence 
upon lamp wattage regulation of the 
ratio lamp volts/supply volts, which 
on this score should be kept as low 
as other factors permit. 


(3.2.4) Circuit Waveforms and. Light 
Modulation. 

An increase in the ratio lam 

volts/supply volts reduces the angled 
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lag of current behind supply voltage. 
Referring to (3.1.2) above. if the cur- 
rent zero occurs too early, the re- 
striking of the arc will be delayed. 
Hence the current waveform will be- 
come peakier, the effective power 
factor and light output of the lamp 
will be reduced, and light flicker will 
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Fig. 6. Regulation of lamp wattage—effect 
of voltage ratio. 


be accentuated with too great a value 
of the ratio lamp volts/supply volts. 


(3.2.5) Stability Under Supply Volt 
Surges. © 

The vapour pressure of the lamp is 
not immediately affected by a sudden 
change in lamp wattage. With a sud- 
den drop in supply voltage and lamp 
current, therefore, the lamp voltage 
rises, thus increasing the effective 
voltage ratio. Hence both the angle 
of lead and the peak value of the 
supply voltage are reduced simulta- 
neously with a progressive rise in the 
ignition voltage required, and the 
lamp may fail to restrike. On this 
count it is desirable to keep the volt- 
age ratio down, and with a value of 
about 0.6 there is a margin which 
should permit a sudden supply volt- 
age drop of about 15 per cent. without 
extinction of the lamp. 


(32.6) Practical Choice of Ratio, 
Lamp Volts/Supply Volts. 

It is seen that the ratio should ap- 

Broach unity to keep down the size 


and cost of both the stabilising choke 
and the power factor correction con- 
denser. For satisfactory circuit per- 
formance, however, an upper limit of 
about 0.6 should be imposed. In prac-’ 
tice, the H.P.M.V. lamps in common 
use (400-W and 250-W MA; 125-W and 
80-W MB) are made for nominal 
supply voltages of 200-250 in 10-volt 


steps, the corresponding lamp volt- 
ages ranging from 110-160. With 


other types of lamp different factors 
may be dominant—for example, in 
lamp design—thus imposing values 
lowe: than 0.6 for the voltage ratio. 


(3.3) SELECTION OF CHOKE IMPEDANCE. 

For a fixed lamp wattage, the lamp 
current must be varied from a maxi- 
mum at the lower supply voltage to 
a minimum at the top of the voltage 
range. Hence the choke is required to 
pass maximum current at minimum 
choke voltage, and minimum current 
at maximum choke voltage. Provi- 
sion has clearly to be made for select- 
ing suitable choke impedances, and 
the complete supply voltage range 
may be covered either by one or more 
tapped chokes, or by a range of un- 
tapped chokes. 

(3.4) BULK STABILISATION. 

It is not practicable to operate 
lamps directly in parallel from a com- 
mon stabilising impedance. Thus the 
lamp with the lowest striking voltage 
would arrest the lamp voltage at a 
value below that required to strike the 
remaining lamps. Furthermore, the 
first lamp, to strike would receive the 
full current intended for the group of 
lamps, and the lamps would be, de- 
stroyed one by one. 

Series operation of a group of 
lamps with a single stabilising impe- 
dance is permissible, and has practi- 
cal applications, which are discussed 
later. . 


(4) Stabilisation with Step-up 
Transformers. 
When a lamp circuit requires an 
operating . vobtage greater than the 
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available supply voltage, a _ close- 
coupled transformer may be used as 
at “A” or “B” in Fig. 7. Similar re- 
sults are obtained with fewer compo- 
nents by using a high-reactance trans- 
former as at “C” in Fig. 7. Auto-trans- 
formers or double-wound transformers 
may be used, the choice often depend- 
ing on safety requirements or other 
installation factors. 


(4.1) CLosE - CouPLED TRANSFORMER— 
SECONDARY CHOKE. 

With stabilisation on the secondary 
side as at#“ A” in Fig. 7, the lamp cir- 
cuit can be standardised for one volt- 
age, the transformer primary alone 
being tapped for different supply volt- 
ages. Lamps may be operated in 
series with suitable transformer 
ratings and choke designs. Lamps may 
also be operated in parallel from one 
transformer, each lamp having sepa- 
rate choke stabilisation. 


(4.2) CLose-CoupLeD TRANSFORMER— 
PRIMARY CHOKE 

The operating voltage of the choke 

is lower with stabilisation on the 
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Fig. 7. Step-up transformers in stabilising 
circuits. 











primary side, as at “B” in Fig, 7, 
and this arrangement may be more 
economical or more _ convenient 
where the lamp voltage is unusually 
high. Lamps may be operated jn 
series, but not in parallel. 


(4.3) H1iGH-REACTANCE TRANSFORMERS 

The high-reactance transformer 
combines in one component the func. 
tions of voltage step-up and arc sta. 
bilisation. The transformer is de 
signed to have a high leakage react. 
ance which acts as the stabilising 
impedance, this characteristic being 
obtained by placing magnetic shunts 
between the primary and secondary 
windings. The arrangements shown 
at “C” in Fig. 7 may be used for 
operating lamps in series, but not in 
parallel. 


(5) Resistance Stabilisation 

The only practical current limiting 
device available for D.C. supplies is 
the series resistor. Reference has 
already been made to the relatively 
high power losses in resistance bal- 
lasts—with the standard 400-watt 
HPMV lamp the total power consump 
tion is about 670 watts on a 230-volt 
supply, and the overall luminous 
efficiency is between 60 per cent. and 
70 per cent. of that obtained with 
choke stabilisation on A.C. mains. 

The regulation of lamp wattage 
and of light output is generally less 
satisfactory than with choke con 
trol because the voltage drop of the 
stabilising resistance is only about # 
per cent. of the supply voltage, a 
compared with about 70 per cent. for 
the choke. Hence the same supply 
voltage variation will appear as 4 
correspondingly higher percentage 
variation of lamp current, lamp 
watts, and luminous output. .Where, 
however, an incandescent filament 
lamp is used as a ballast, the volt 
ampere characteristic of the hot file 
ment provides a barretter effect 
tending to compensate for supply 
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yoltage fluctuations, thus improving 
the regulation of luminous output of 
the discharge lamp. 

Having regard to the appreciable 
energy to be dissipated by the stabilis- 
ing resistance, the filament lamp 
ballast has much to recommend it on 
practical grounds alone. Thus the de- 
sign 4nd manufacture of a compact, 
high temperature component is well 
established, and, furthermore, it is 
often more convenient to dissipate 
heat by radiation rather than by con- 
vection. One discharge lamp design 
utilises the luminous output of an arc- 
stabilising filament “). It consists of 
a 300-watt discharge with a 200-watt 
series filament, and is used in some 
cases for public lighting from D.C. 
mains in Great Britain. 

Resistance stabilisation may be en- 
countered in the future—for example, 
in train lighting—when only a D.C. 
supply is available, and the quality 
and efficiency of fluorescent tube 
lighting can offset the inherently 
lower efficiency of resistor ballasts. 
High brightness mercury lamps are 
sometimes operated with resistances 
where D.C. operation is necéssary to 
eliminate stroboscopic effects, as in 
certain scientific applications. 


(5.1) RESISTANCE STABILISATION ON 50- 
cycLE A.C. SUPPLIES 

With resistance stabilisation alone 
on A.C., the current waveform is less 
satisfactory, and the lamp power 
factor lower than for choke control 
with the same ratio of lamp 
volts/supply volts. As compared with 
the sequence described in (3.1.1) 
above, the supply voltage falls to zero 
in phase with the lamp voltage and 
current at the end of each half cycle. 
The re-establishment of the arc on 
the next half cycle is therefore de- 
layed while the supply voltage rises, 
and a reduced current flows at the 
Start of each half period. Fig. 8 
shows the peakier current waveform 
obtained with a 400-watt H.P.M.V. 
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lamp, and with an 80-watt Tubular 
Fluorescent Lamp. 


(6) Power Factor Correction of 
Inductance Stabilised Circuits 

The high efficiency of choke sta- 
bilisation is due to achieving a very 
low power factor in the choke. Thus, 
although the choke  volt-amperes 
usually exceed the lamp volt-amperes, 
the watts lost in the choke are a small 
fraction of the lamp watts. Due to 
these power conserving tactics, the 
overall power factor of the lamp- 
choke combination is lower than is 
acceptable in normal engineering 
practice—about 0.5 to 0.6 lagging, as 
compared with a desirable minimum 
of about 0.85. The practical objection 
arises from the fact that the line cur- 
rent at 0.5 P.F. is exactly twice that 
for the same power consumption at 
unity power factor. A low P.F. load 
is therefore an uneconomic proposi- 
tion to all concerned, and particularly 
to power supply authorities, who 
either insist upon correction or make 
additional charges for low P.F. loads. 

It is usual to correct the power fac- 
tor of individual units by connecting 
a condenser across the mains side of 
the circuit, as shown in Fig. 5. The 
condenser current “leads” the line 
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resistance stabilised lamps. 
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voltage by nearly 90°, and again the 
power consumption of this auxiliary 
is extremely low, even: though the 
condenser volt-amperes may exceed 
the lamp volt-amperes. By choosing 
a suitable capacity it is possible to 
introduce a leading current com- 
ponent, such that the normal fre- 


quency component of line current is © 


brought into phase with the line 
voltage. Due to the non-sinusoidal 
waveforms involved, however, unity 
power factor is not attainable in lamp 
circuits operating at normal supply 
frequencies. Thus, as the condenser 
capacity is increased, the line current 
passes from “lagging” to “leading” 
at a maximum P-F. slightly better 
than 0.90. In practice it is economic to 
correct to between 0.85 and 0.90 
lagging, and this is usually acceptable 
to power supply authorities. 


(6.1) LocaTIon oF Power Factor 
CORRECTION CONDENSERS—GENEKAL 
To the user, P.F. correction has the 

potential advantage that the line cur- 
rent of the corrected circuit is only 
about 60 per cent. to 70 per cent. of 
the lamp current. Voltage drops, 
power losses, and cost of cables are 
therefore all reducible, provided the 
condenser, lamp, and choke of each 
lighting unit are not separated by 
long wiring runs. Power factor cor- 
rection applied at the distribution 
panel or sub-station may satisfy the 
power supply authority, but does not 
improve the efficiency of the user’s 
lighting system. Where _ several 
lighting points are to be corrected by 
one condenser, this should be located 
at the electrical centre of the load, 
and group switching is necessary. 


(6.2) P.F, CoRRECTION IN TRANSFORMER 
CIRCUITS 

Wherever practitable, P.F. correc- 

tion should be applied so that trans- 

formers are given a high power factor 

load, thus reducing the V.A. rating 

and losses. Correction must of course 





















































always be to the power supply side the | 
of the effective stabilising impedance, bem 
Both requirements are met with-the nee 
connections shown in Fig. 7 “ A,” and es 
there is the further point that a lower be 
capacity is required at the higher oo 
voltage, for the same degree of cor. por 
rection. Where, however, the secon. ys 
dary voltage is unusually high, it may ll 
be preferred to apply correction on’ wets 
the low voltage side, accepting a the 1 
higher transformer rating. d 
In the circuits of Fig. 7 “B” the ye 
condenser can be connected only at ‘ Ite 
mains voltage, but with a high-re. pe 
actance transformer the alternative ~ 
of et 
arrangement of (6.3) below may be factt 
used. Th 
(6.3) METHOD oF REDUCING THE Srp | 4 & 
oF P.F.C. CoNDENSERS redu 
Any means of reducing the size and freq 
cost of circuit auxiliaries is always of | ™" 
interest, and one instance in American furth 
practice arises from the prevalence of F (64) 
120-volt supply mains. Where it is To 
necessary to step up the supply — cond 
voltage to suit an efficient lamp design, [of sv 
a high reactance transformer is com- fa lea 
monly used. As shown in Fig. 9 ©, — term 
tice 
-» dens 
6666) T ; = i = er i 
—==———=———— (6.5) 
(90555560 W YHOO SHIT — 
4+ W 
P.F. Correction 120V A.C. 
Condenser f Supply Onn 
Line Neutral oan 
nect 
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Fig. 9. Power factor correction — #¢ = 
Section (6.3). 


—- 





Side 
ance, 
h-the 
” and 
lower 
igher 
F cor- 
eCON- 
t may 
mn on 
ng a 


” the 
ly at 
gh-re- 
lative 
ay be 


: Sue 


7e and 
ays of 
erican 
nce of 
it is 
supply 
lesign, 
$ com- 
.9 ©, 





eutral 


jeutral 





CIRCUITS FOR DISCHARGE LAMPS 


the transformer primary winding can 
be in the form of an auto-transformer 
sepping-up to supply a smaller P-F. 
errection condenser at a_ higher 
yoltage—for a given degree of correc- 
tion, the condenser capacity required 
varies inversely with the square of the 
condenser operating voltage. At 600 
volts, for example, a 3 mfd. condenser 
will produce about the same P.F. cor- 
rection as a 75 mfd. condenser across 
the 120-volt supply. The reduction in 
condenser capacity is to some extent 
offset by the increase of working 
voltage, and clearly an optimum com- 
promise will depend on the economics 
of condenser and transformer manu- 
facture. 

The size of circuit components such 
as condensers and chokes can also be 
reduced by the adoption of supply 
frequencies higher than those in com- 
mon use, and this matter is given 
further consideration in Section (12). 


(64) CoNDENSER DISCHARGE RESISTORS 

To avoid the risk of shock from a 
condenser left charged at the instant 
of switching-off, it is usual to connect 
aleak resistance across the condenser 
terminals, and it is now common prac- 
tice to build the resistors into con- 
densers made especially for P.F. cor- 
rection purposes. 


(6.5) P.F. CoRRECTION ON THREE PHASE 
SYSTEMS 

Where lamps and chokes are star- 
connected to give a balanced load on 
a three-phase lighting system, the 
PFC. condensers may be delta con- 
nected, thereby reducing the total 
capacity required to one-third of that 
necessary with star connection. Safety 
precautions are however necessary, 
and may take the form of control gear 
arranged to ensure the simultaneous 
switching of all phases. Thus, if one 
or two phases only are cut out, there 
is still a circuit from the live line 
through the delta connected con- 
densers, and “dead” lamps and 
chokes, to neutral. With an unfortun- 


ate arrangement of bulk P.F. correc- 
tion, and group or individual switching 
of lamps, it is possible for lamps on 
the “dead” phases to be destroyed by 
a series resonance. 

A similar problem may arise with 
star connected bulk P.F. correction 
condensers. Thus, if the condenser 
star point is left floating to reduce 
neutral current, a “dead” phase may 
be fed through the condensers. 


(7) Condenser Stabilisation 

For many years the condenser bal- 
last has offered the attraction of cheap 
power factor correction. Thus, if 
alternate lamps could be condenser 
stabilised at a leading power factor, 
off-setting the lagging power factor of 
the choke stabilised lamp, then each 
pair of such complementary circuits 
would need no further power factor 
correction. 

Condenser stabilisation, however, in- 
troduces new problems of circuit 
stability and of waveform at normal 
supply frequencies. A _ series con- 
denser limits the total coulombs per 
cycle, but cannot control either the 
magnitude or the rate of change of the 
current. Hence at the relatively high 
ignition voltages required with 50 
cycle operation, the striking of the arc 
in either direction results in a heavy 
surge of current which reverses the 
condenser charge and removes voltage 
from the are. The current falls to 
zero, the condenser remaining charged 
until the lamp restrikes on the next 
half cycle, when the process is re- 
peated. 

The voltage and current waveforms 
of a 400-W. H.P.M.V. lamp operating 
at about rated wattage are shown in 
Fig. 10. The short duration of each 
current pulse results in a pronounced 
light flicker, the “ power-factor” of 
the lamp being about 0.5. If the lamp 
is operated at normal wattage under 
these conditions, the excessive current 
peaks will damage the activated 
cathodes and cause early failure. On 
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(1) Supply Voltage (2)Lamp Voltage (Current 


Fig. 10. Condenser stabilisation at 50 
cycles—waveforms with 400-W. H.P.M.V. 


lamp. 


the other hand, the light output will 
be well below normal if the lamp 
wattage is reduced to limit the current 
peaks to a safe value. 

Stable operation can be achieved by 
connecting in series with the con- 
denser, an inductance which limits the 
current peak. As the ratio of capaci- 
tance to inductance is decreased, the 
current waveform is progressively im- 
proved, as shown in Fig. 11, until the 
distortion is no more than with 
normal choke stabilisation. Under 
these conditions the lamp may be 














Fig. 11. Capacitance/inductance stabilisa- 
tion—current waveforms. 
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operated safely at rated power, wit, 
the current “leading” the supply 
voltage by an angle about equal tj 
the angle of lag of the normal chok 
controlled circuit, as shown in th 
vector diagram of Fig. 12. 

This capacitance/inductance cireyi 
has a current regulating tendency jf 
the choke core is operating Partially 
saturated. A rise in current will jp. 
crease the core saturation, decrease 
the choke impedance and_increag 
the overall impedance—thus opposing 
the initial increase in current. A de 
crease in current, on the other hand, 
brings the circuit nearer to resonance 


| 200-250V AC Supply | 





Line Neutral 
Current 
Liam Supply 
Voltage Voltage 
Choke Condenser 
Voltage Voltage 





Fig. 12. Capacitance/inductance stabilisa- 
tion—basic circuit and approximate vector 
diagram. 


and lowers the overall impedance. 


Such circuits therefore tend to givea 
reduced lamp starting current. 


(7.1) Two-Lamp Crrcurt on 50-Cycu 
SUPPLIES 

The so-called “two-lamp” circuit 
consists of complementary choke and 
condenser stabilised circuits, so de 
signed that the respective lagging and 
leading current components are con- 
bined to give an overall power factor 
approaching unity without external 
correction. This scheme is used widely 
with low voltage fluorescent tubes, 
and with other discharge lamps, it 
America, where multi-lamp luminaires 
are commonly fitted with two-lamp 
ballasts. 

The two-lamp circuit is also used t 
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gme extent in Great Britain ‘© with 
g-watt tubular fluorescent lamps, and 
the basic stabilisation circuit is 
gown in Fig. 13. The inductive 
branch uses the normal choke, while 
the capacitive circuit consists of a 
choke/condenser combination for the 
reasons discussed in (7) above. The 
choke in the leading circuit operates 
under current and voltage conditions 
closely resembling those of the normal 
stabilising choke, which can in fact 
often be used for this purpose by an 
appropriate selection of tappings 
The stabilising condenser, on the other 
hand, while of a capacity slightly less 
than that of the normal P.F. correc- 
tim condenser, has to operate at 
voltages appreciably higher than line 
voltage, and must be specially rated 
accordingly. The tolerance on capacity 
must also be reduced to about + 5 
per cent. for stabilisation duty. 

As regards the cost.of power factor 
correction, it is clear that any advan- 
tage of the two-lamp circuit will 
depend upon the relative costs of a 
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Fig. 13. Basic two-lamp circuit, and 
approximate vector diagram showing P.F. 
correction. 


high voltage (450-V close tolerance 
condenser), and normal P.F. con- 
densers of nearly twice the capacity, 
rated at mains vgltage. In Great 
Britain at present there appears to be 
no benefit from cost reduction, but 
some reduction of stroboscopic effect 
is due to the split-phase action 
obtained with pairs of lamps. Re- 
duction of stroboscopic effect is, of 
course, attractive on 334 cycle or 25 
cycle mains. - Fig. 13 shows an 
approximate vectorial representation 
of phase relationships, and it will be 
noted that the phase displacement of 
current in two lamps does correspond 
to that obtainable by operating 
normal choke stabilised lamps, alter- 
natively on two phases of a three- 
phase power supply system (120°). 
To obtain maximum advantage 
from the two-lamp circuit, pairs of 
complementary lamps should be 
mounted close together to ensure that 
installation cable runs are feeding 
only high power-factor loads, and to 
achieve effective mixing of the phase- 
displaced luminous outputs. If the 
use of lamps in pairs is not con- 
venient, the lamps may be distributed 
singly throughout the installation, 
provided any phase of the supply 
system is loaded with equal numbers 
of “leading ” and “ lagging” units to 
maintain a high power-factor load. 
Where single lamp units are required, 
therefore, it is often more convenient 
to use the normal choke control with 
individual P.F.C. condensers. 


(7.2) CONDENSER STABILISATION ON H1GH 
FREQUENCY SUPPLIES. 

At frequencies of the order of 500 
cycles and over, the electrical charac- 
teristics of the discharge lamp are 
appreciably modified from those ex- 
hibited at 50 cycles. Among other 
effects, those of immediate interest 
to the circuit engineer are the estab- 
lishment of sinusoidal waveforms, 
and the attainment of satisfactory arc 
stabilisation with condenser ballasts 
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unsupported by inductances. The 
various potential advantages of high 
frequency operation are discussed in 
Section (12). 


(8) Starting and Stabilising Circuits 
for 50 Cycle A.C. Mains. 

Elementary devices available in 
practice for the efficient control of 
lamp wattage have been reviewed in 
Sections (2) to (7) of this paper. It is 
now necessary to consider the start- 
ing methods suited to various lamps, 
and to note how the starting problem 
may modify or supplement the basic 
control circuits. 

It is obvious that the selection and 
design of starting systems will be 
directed toward the quick and 
reliable establisment of the full 
power operating condition. How- 
ever, even where the initiation of the 
discharge is a most fleeting phase, 
damage affecting the life perform- 
ance of the lamp may be caused by 
an otherwise admirable _ starting 
scheme. 

Clearly, some conception of a suit- 
able starting method must play a part 
in the early stages of lamp design, 
and subsequent circuit development 
must also be most intimately co- 
ordinated with lamp development if 
there are to be good grounds for con- 
fidence in lamp _ performance— 
especially having regard to the inevit- 
able variations in practical conditions. 


(8.1) THe STARTING AND STABILISING OF 
H.P.M.V. Lamps—400-W. anp 250-W. 
Type M.A., 125-W. anp €0-W. Type M.B. 

The starting of this grouv of lamps 
is accomplished with the simple basic 
circuit of Fig. 1. The initiation of the 
discharge at mains voltage is inherent 
in the lamp design, and is primarily 
due to the inclusion of argon gas at low 
pressure. Reliable starting is ensured 
by the “third electrode” circuit, 
which is also an_integral part of the 
lamp itself: The initial striking of the 
lamp is followed, however, by a 
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“running-up” period of some 25 § dissi 
minutes before normal operation is § cond 
established and the negotiation of this ¥ Fo 
phase in minimum time is to some § prop 
extent a matter of external circuit § the 
design, the lamp designer specifying § for : 
a maximum starting current to avoid F Jamr 
damage to the lamp. Hens 
(8.1.1) Initiation of the Mercuy ba 

Discharge then 

For the mercury discharge to com. § of Fi 
mence, mercury must be evaporated 
and the activated cathodes must emit 
electrons. When the mains switch is 
closed, the full supply voltage isf 
applied across the small gap between# 7 
main and starting electrodes. Thein. | 5 
tense field is sufficient to ionise the} 3 
gas and start a glow discharge | 
through the argon, and this im 3| 
mediately extends between the main a 
electrodes which are thus heated. The 3 
heated cathodes emit a copious supply 
of electrons, and the glow is replaced 
by a heavy current arc as the 
mercury takes over the discharge. As 
the lamp warms up, more mercury is 
evaporated and the vapour pressure 
rises; the arc voltage increases and é 
the current is allowed to fall, as Fig. 
shown in Fig. 2, until the lamp is 
operating steadily with the mercury § the 
vapour super-heated. char; 

and 1 
(8.1.2.) Circuit Performance during § yj) } 
“ Run-up ” 

The “run-up ” time is determined by (B13 
the power input to the lamp, and 
Fig. 14 (7) can be used to illustrate J Sin 
the kind of performance required } o 1 
from the control circuit, although the J Press 
curves shown do not include the final J ere 
super-heat-condition of this particular J “Te 
group of lamps. Here each full-line only 
curve may be regarded as showing the J Sarti 
power made available to a lamp by teal 
control circuit operating at nominal curre 
supply voltage. Each dotted line and a 
relates the wattage dissipation and lamp 
the voltage of a lamp—from it maybe - 
read at any lamp voltage the powé ating 
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dissipation of the lamp by radiation, 
conduction and convection. 

For a lamp to continue to run up, a 
proportion of the power supplied to 
the lamp must always be available 
for raising the temperature of the 
jmp and for evaporating mercury. 
Hence the power input from the cir- 
mit at any moment should exceed the 
lamp dissipation at the lamp voltage 
then ruling. Referring to the curves 
of Fig. 14, the wider the separation of 
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Fig. 14. Circuit and lamp characteristics 
—illustrative only. 


the co-operating lamp and circuit 
characteristics, the faster the run-up; 
and where the curves cross, the lamp 
will be stabilised. 


(813.) Choke Characteristics—Effect 
of Run-up Requirements. 

Since the lamp voltage at any stage 
of the run-up is fixed by vapour 
pressure, wattage control can be 
exercised only by varying the lamp 
current. The lamp drop is at first 
aly about 15 volts, and a high initial 
starting current is required. A prac- 
tial limit is set, however, by the 
cutrent carrying capacity of the seals 
and activated cathodes of an economic 
lamp design. In general, the starting 
current may exceed the normal oper- 
ating current by 60 per cent. to 100 


per cent., depending upon the type of 
lamp. 

With choke voltage at first about 
equal to supply voltage, therefore, the 
choke is required to supply a starting 
current within close limits—the upper 
limit to prevent damage to the lamp, 
and the lower limit to ensure a satis- 
factory run-up. In the transition 
from this condition to the point of 
stabilisation the choke current has to 
fall by a percentage rather greater 
than the percentage change in choke 
volts. Hence the stabilising im- 
pedance has to vary during run-up and 
the shape of the volt-ampere charac- 
teristic of the circuit. as represented 
in Fig. 15, is of importance in main- 
taining an acceptable rate of run-up. 

These results are achieved in prac- 
tice partly by introducing a certain de- 
gree of choke core saturation under 
starting conditions, and the design is 
further complicated by the simul- 
taneous need for low choke losses 
under normal running conditions. 
Hence the simplicity of the circuit 
diagram has been achieved by absorb- 
ing into the choke design the com- 
plexities of the run-up requirements. 


(8.1.4) Hot Striking of HPMV Lamps 

It has been noted in Section (3.2.5) 
that a delay in restriking the arc may 
es 
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Fig. 15. Circuit volt-ampere character- 
istic—illustrative only. 
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extinguish the lamp. The normal 
lamp circuit will then be unable to re- 
start the arc until the lamp has cooled 
and the vapour pressure has fallen. 
This is due to the fact that a potential 
of several thousand volts is required 
to ionise the gases at normal operating 
vapour pressure. If essential, the arc 
can be re-established by applying an 
adequate voltage, and the lamp will 
return to normal operation. Those 
familiar with surge production 
methods will be able to visualise 
feasible starting circuits, and will also 
appreciate that the complication 
could not be justified in normal lamp 
applications. 


(8.2) THe STARTING AND STABILISATION 
or HPMV. Lamps—500w. anpd 250w. 
Type ME. 

The ME. type lamp ‘8) has been de- 
signed especially to produce a com- 
pact, high brightness source for use in 
optical instruments such as projection 
microscopes, gear profile projectors, 
and film printers. 

While the design of the lamp differs 
considerably from the MA. and MB. 
types, the circuit problems are sub- 
stantially as described in (8.1) above. 
The outstanding circuit difference 
arises from the relatively low arc 
voltage—60 to 75 volts for all sizes— 
and the necessarily higher lamp cur- 
rent for a given wattage. The voltage 
and current ratings are correspond- 
ingly increased, resulting in a choke of 
relatively large dimensions. 


(8.3) THe STARTING AND STABILISATION 
or HPMV. Lamps—1000w. anv 500w. 
Type MD. 


The MD. type water-cooled lamp (®) 
produces a linear, high brightness 
source, and has run-up and re-striking 
times of less than 5 seconds. . The 
lamp circuit problem differs from that 
described in (8.1.2) above, principally 
in that the starting and operating 
voltages are some 5 times greater. 
Thus at normal operation the arc drop 


is 840 volts with the 1,000 watt lam 
and about 420 volts for the 500 wat 
lamp. The third electrode startin 
system is not needed, since the arc cq 
be struck reliably at voltages of 1,3) 
and 625 respectively—i.e., at voltagy 
some 50 per cent. greater than th 
normal are drops, thus permitting; 
value of 0.6 for the ratio lamp Volts) 
supply volts. 

A step-up transformer is require 
when operating from normal AC 
supply mains, and it is usual t 
stabilise the lamp by using the im. 
pedance of a double-wound high-re 
actance transformer as shown in Fig 
7C. The transformer secondary wind. 
ing gives an open circuit voltage of 
1,250, a starting current of about 26 
amps. on short circuit, and operates 
the lamp normally at 840 volts. Rup 
up considerations are as already dis 
cussed in (8.1.2) and, as the lam 
operates normally with the mercury 
vapour saturated, the performances of 
lamp and circuit can be represented by 
curves closely resembling in shape 
those of Fig. 14. The resistance load 
characteristic required from the trans 
former is also of the general form 
shown in Fig. 15. 


(8.4) Soprum Lamps—140w., 85w, 
60w., AND 45w. 
The sodium vapour _ discharge 


lamp ‘2), while belonging to the same 
general family as the HPMV. lamp, 
differs somewhat in principle and in 
characteristics. 

The luminous efficiency depends 
upon a resonance radiation produced 
at relatively low and critical values of 
current and vapour pressure. There 
lationship of lamp current and tube 


diameter is fixed by such consider 
tions, and it is convenient in bot 


lamp and circuit design to standardise 
these factors for a range of lamp 
The lamp wattage is then determined 
by the choice of lamp voltage, which 
is proportional to the length of the 
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lamp, and is therefore standardised lamp current and wattage at starting 
for each lamp rating. may both be slightly lower than the 
The 85w., 60 w., and 45w. lamps are normal operating values, while the 
all operated at about 0.6 amps., the initial discharge voltages are appreci- 
respective arc voltages being about ably above normal, typical values 
165, 112, and 80. In the case of the being 200 volts for the 140w., 85w., and 
Mw. lamp, an unduly long lamp is_ 60w. lamps, and 105 volts for the 45w. 
avoided, and the arc drop is kept at lamp. s sodium evaporates, the 





Volts) 1 volts, by adopting a larger dis- lamp current rises slightly and the 
_ [charge tube diameter, with a lamp voltage falls gradually until the lamp 

quired F wyrrent of 0.9 amp. stabilises at rated wattage after some 

1 AC peri j 15-20 minutes, as shown for the 85w. 

ual t§ (841) Initiation of the Sodium lamp in Fig. 16. 

he im Discharge 

igh-re | The sodium lamp contains neon gas (8.4.3) Circuits for Sodium Lamps 

in Fig at low pressure for the purpose of Due to the need to maintain an arc 


y wind § establishing an initial discharge which voltage comparable with normal 
tage off heats the activated cathodes and _ supply voltage during the run-up, the 
out 268 begins the evaporation of sodium. sodium lamp is most commonly 
perate § Owing to the relatively great length. operated with a step-up transformer 
. Run § ofthe 140w. and 85w. lamps, a voltage of the high-reactance type, as shown 
dy dis § of 465 is required for striking the in Fig. 7C. This is designed to give a 
> lamp neon discharge, and this figure is starting voltage of 465 on open cir- 
ercury § usually standardised for the 60w. and cuit, and with standardisation of lamp 
ncesof§ iw. lamps. To prevent the building current and starting voltage, one 
nted by upon the lamp tube of an electrical transformer design can accommodate 

shape § charge which might prevent the strik- without modification the 85w., 60w., 
ce load § ing of the arc at 465v., an external and 45w. lamps. A separate design 
e trans § wire is run from an electrode at the for the 140w. lamp is necessitated by 
1 form | holder end of the lamp to the centre the higher lamp current, and the re- 
of the discharge tube. sistance load characteristics of typical 


ae MAB Ruvup of Sodium Lamps transformers are shown in Fig. 17. 
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The shape of the load characteristics 
is important, since the initial glow dis- 
charge may drop the voltage of an un- 
suitable transformer to a value below 
that required for satisfactory transi- 
tion to the arc discharge. 

Power factor correction is especi- 
ally necessary because the un- 
corrected figures range from 0.35 for 
the 140w. lamp to 0.2 for the 45w. 
lamp. These low values are due to 
the low ratio of lamp voltage to trans- 
former open circuit voltage, necessi- 
tated by the voltage requirements at 
starting and during run-up. 

It may be recalled that earlier types 
of sodium lamps were started at mains 
voltage, using a cathode heating trans- 
former and a _ stabilising choke 
arranged generally as shown in 
Fig. 18. 


(8.5) NEON FLOODLIGHTING Lamp— 
400w. 

The starting system of the 400w. 
neon lamp (9) is worth recalling be- 
cause of the present interest in 
methods of starting lamps of gener- 
ally similar dimensions. The starting 
problem is closely related to lamp 
proportions, and is more difficult 
where the lamp tube is long and 
narrow. 

In the neon lamp, the way is pre- 


Tesla Coil 


oer rene Wi 
HG gs MH ca 


————— 


6 ——4 




















Filament Transformer 
: hoke 





_jh 
' 








J. N. HULL ON 


pared for the initiation of the dj 
charge at mains voltage by Providin, 
a copious flow of electrons frm 
heated cathodes, and by simi 
taneously ionising the gas filling g 
the tube with a Tesla coil. Fig y 
shows a circuit commonly used whe 
floodlighting was in vogue. Until th 
discharge is struck, the full maiz 
voltage is applied to the filamey 
transformer, which therefore ope. 
ates the cathode heaters and the Tes; 
coil at maximum voltage. 

The arc voltage is only about § 
per cent. of mains voltage, and wha 
the discharge is established, th 
voltage applied to the cathode heater; 
and Tesla coil is reduced accordingly, 
As the lamp is gas-filled, normal rm. 
ning conditions are reached almos 
immediately upon striking the ar. 
and no other starting conditions hay 
to be considered in circuit design 
Lamp current and wattage are con 
trolled by a choke as in the case of 
the HPMV. lamps. 

An alternative circuit arrangement 
was based on the starting scheme 
described in (8.6) for 100/130 volt 
HPMV. lamps. 


(8.6) StartinG Crrcuir FoR HPMV\. 
Lamps—400w. and 250w 100/130 Vous 

Where the voltage required fo 
starting a lamp is higher than that of 
the supply mains, the circuit scheme 
of Fig. 19 is now often used (1°). The 
arrangement shown was applied some 
ten years ago to a range of 400w. and 
250w. HPMV. lamps for operation o 
100/130 volt A.C. mains, the thermal 
delay switch being incorporated in 
the lamp. 

When the lamp is switched on, the 
thermal switch is in the closed pos 
tion, and the starting current passé 


a7 through and heats both lam 
seine cathodes, giving a high emission d 
im AC Supply Netra electrons. When the thermal swittt 
Fig. 18. Operating circuit for neon 400-W. opens, the voltage surge from the 
lamp. choke is sufficient to initiate the ds 
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he dis ata mercury resonance wavelength of 
O 2537 A. The invisible radiation is 
— Thermal-f converted to visible energy by 
simu. fluorescent powder coated on the 
ling (gf Ve inside wall of the lamp tube, which 
Fig. }} operates at a low temperature. 
d whe Choke This 5-ft. hot-cathode lamp is 
— normally operated on 200-250 volt 
supplies with a lamp voltage of about 
lea 106, and a lamp current of about 0.85 
> Oper. amp. The discharge is started in 
e Tesla il argon gas at low pressure by applying 
i a high voltage between pre-heated 
out % tab stellen electronic cathodes. The arc is im- 
d wher in A.C. Supply Neutral mediately taken over by the mercury 
d, the vapour, and from the circuit design 
heates§ Fig. 19. Switch starter oat “eas 100/130- standpoint there is no critical run-up 
sdingly. volt, 400-W. H.P lamp. period as in the case of HPMV. lamps. 
ial ru-§ charge between the pre-heated elec- It is important, however, to ensure 
almos# trodes. adequate cathode pre-heating, since 
he atf This starting system was also the striking of the arc may damage 
ns have applied to the 400w. neon lamp as an cool electrodes designed for hot start- 
desig | alternative to the arrangement shown ing, and thus impair the efficiency 
re co-® in Fig. 18. and life performance of the lamp. 
case of Hot cathode starting permits the 
(67) StaRTING AND STABILISATION OF use of normal choke stabilisation, and 
gement | ™E TUBULAR FLUORESCENT Lamps— leads to an efficient and reasonably 
achaime 80w. Type MCF. simple circuit. The two _ choke- 
30 volt The fluorescent tube (11) is essen- stabilised circuits commonly used in 
tially a low-pressure mercury vapour Great Britain are shown in Fig. 20, 
lamp, designed especially for the effi- and differ only in the starter switch 
HPM.§ ‘cient production of ultra-violet energy details, the connections of the thermal 
0 Vouts =, 
ed for 3 7 ©) 4. 
that of ww any, 
bed ro aay ate r ¥ starts ee 
ij a: wd wae ne Louies ‘tect 
Ow. and 
a 
the: 
ated i 4 A B 
coe 
on, the PF Correctitn PF Correction 
ed pos Condenser Condenser 
E spasses 4k tH 
lamp 200-250V 200- 250 
ssion af A.C. Supply A.C. Supply 
| switch Line Neutral Line Neutral 
om the Fig. 20. Operating circuits for 80-W. tubular fluorescent lamp—‘‘A"’ thermal switch, 
the dis and ‘“B”’ glow switch. 





— 215 — 





erasaa 





R. MAXTED AND J. 


switch being shown at (a) and those 
of the gtow switch at (b). 


(8.7.1) Thermal Switch Circuit 

With the circuit dead, the thermal 
switch (12) contacts are closed, and 
there is a complete circuit through the 
choke, lamp cathode heaters, and the 
switch heater. When the supply volt- 
age is applied, a starting current of 
about 1.3 amps. heats both the lamp 
cathodes, and a bimetal strip in the 
starter switch. After a delay of 
about two seconds—by which time 
the activated cathodes are emit- 
ting electrons profusely—the starter 
switch contacts open, throwing across 
the lamp a choke surge of 1,000-2,000 
volts, which strikes the lamp. The 
normal operating current of the lamp 
gives about 1 watt heat dissipation in 
the switch heater, and this is sufficient 
to keep the switch contacts open. 

With the starter switch open, the 
0.02 mfd. condenser is across the 
lamp, and serves to suppress radio 
interference which may arise from the 
discharge. The condenser is also part 
of the surge producing mechanism, 
and this function largely determines 
the condenser capacity and the details 
of connection. Thus the starting 
surge voltage is determined not only 
by choke inductance, starting current, 
and the instant of switching, but also 
depends upon the quenching of the 
switching arc, and on the ratio of 
capacitance to inductance. 

The condenser controls both the 
magnitude and the steepness of the 
wavefront of the voltage pulse. Its 
capacity must therefore be related to 
both choke and switch characteristics 
‘to ensure a satisfactory surge and a 
good switch life. 

Should the power supply be 
momentarily interrupted, the lamp 
usually restarts instantly at mains 
voltage, since the cathodes are still 
at operating temperature, and inhibit- 
ing lamp wall charges have not built 
up. In the case of a two-second inter- 
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ruption, a maximum delay of about 
four seconds may result due to the 
time required for the switch to clog 
and reopen. 


(8.7.2) Glow Switch Circuit 

The contacts of the glow switch(18} 
are normally open, and are mounted 
on two bimetal strips which form the 
electrodes of a small glow discharge 
lamp. When mains voltage is applied, 
a negative glow discharge heats the 
bimetals, causing the contacts to 
close. During the cathode pre-heat. 
ing period, the switch glow is 
extinguished and the cooling of the 
bimetals opens the switch contact, 
applying the choke surge to the lamp, 
As with the thermal switch, the 
initial starting delay is about two 
seconds, but as the glow switch has 
first to close, the cathode pre-heat 
period is correspondingly reduced. 
The switch must of course be 
designed so that the glow discharge 
will be extinguished at a voltage ex- 
ceeding the peak voltage of the lamp, 
thus ensuring that the switch remains 
open during normal lamp operation. 
From this it follows that, with a 
momentary interruption of the supply 
voltage, the switch will operate as for 
initial starting, and the maximum 
delay is about two seconds. 


(8.8) HicgH © VOLTAGE FLUORESCENT 
TuBEes—“ CoLp CaTHODE” 

The H.V. lamp “4) of principal inter- 
est is that using a low-pressure met- 
cury vapour discharge basically simi- 
lar to that of the 80W. lamp described 
in (8.7). The essential difference lies in 
the use of unheated cathodes, usually 
of pure iron, and not activated. The 
electrodes operate at about 150 deg.C, 
as compared with about 900 deg. ¢ 
for the “hot cathode” type, and the 
significant difference electrically is@ 
cathode drop of 100-300 volts per pait 
of electrodes, where that of the “ho 
cathode ” type design is about 15 volls 

For optimum overall efficiency, the 
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non-productive cathode drop should 
be a relatively small proportion of 
lamp voltage, and the are drop— 
which is a function of arc length— 
should be a maximum. This Con- 
sideration dictates lamps of the 
greatest manageable length, generally 


6-12 ft. Correspondingly high start- 
ing and operating voltages are 
required. 


(68.1) Circuits for H.V. Fluorgscent 
Tubes 

The starting voltage required is ap- 
proximately twice the operating volt- 
age of the lamp, and it is common 
practice to use either a high-reactance 
step-up transformer, or a_ close- 
coupled transformer with a stabilising 
choke in the primary as shown in 
Fig. 7. It is usually convenient to 
arrange several lamps in series to 
fom the complete high voltage cir- 
cuit, and transformer open circuit 
voltages up to 15,000 are used. 

The total length of tubing operable 
from a given voltage varies with the 
diameter of tubing, as does the cur- 
rent rating of the tube. Transformers 
are commonly rated by the open cir- 
cuit voltage and by the short circuit 
current, the normal operating current 
being about 80 per cent. of the short 
circuit figure. Ratings in common use 
are 48 m.a. normal loading, with 60 
m.a. on short circuit. 


(8.9) RESONANT CIRCUITS 
Starting voltages greater than the 
supply voltage can be provided by ar- 
ranging chokes and condensers to be 
in partial series resonance, and typi- 
cal circuits are shown in Fig. 21 (5), 
As the capacitance and inductance 
values of Fig. 21(a) are varied to 
bring the resonant frequency of the 
circuit nearer to the supply frequency, 
the choke voltage and condenser 
Voltage both rise above supply volt- 
age and the current increases ac- 
cordingly. Hence the circuit can be 
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designed to provide a suitable cathode 
heating current and an adequate 
striking voltage until the lamp starts 
and to operate the lamp at rated volt- 
age and current when the initial 
resonant condition is disturbed by the 
lamp load. 

The resonant circuit has the poten- 
tial advantage that lamps may be 























| IL =] 
A = @ 
Line Neutral 
Lone Neutral 
Fig. 21. Basic resonant circuits. 


operated from supply voltages not ex- 
ceeding the lamp voltage. 

Unlike the delay switch circuits of 
(8.7), the resonant circuit does not 
withhold the starting voltage during 
a predetermined cathode heating 
period. With 50 cycle operation the 
condenser of Fig. 21(a) also produces 
heavy current surges through the 
lamp. Thus on each half cycle the 
condenser is charged to the arc igni- 
tion voltage, and then discharges 
through the lamp when the arc 
strikes. Various modifications of the 
basic circuit have been designed to 
limit these current surges, and the 
problem is avoided in the circuit of 
Fig. 21(b) by connecting the lamp 
across the choke. With 50 cycle 
operation, however, a further stabilis- 
ing choke is required in series with 
the condenser for the reasons discussed 
in Section (7). 

Owing to the complications involved 
in achieving satisfactory waveforms at 
normal supply frequencies, the re- 


— 217 — 


Vitus 








sonant circuit has not been widely 
employed. 


(9) Starting and Stabilising Circuits 
for D.C. Supplies 

With a stabilising resistance fixed 
to operate the lamp at rated wattage, 
the relationship between starting and 
running the current is determined by 
the ratio lamp volts/supply volts. If 
this results in an unsuitable starting 
current, an additional starting resist- 
ance may be used, and switched out of 
circuit when the lamp is partly 
run up. Thus in the “dual” HPMV 
lamp, two filaments are in circuit at 
starting, one being switched out dur- 
ing the run-up by a thermal delay 
switch incorporated in the lamp. 

Lamps designed .for A.C. operation 
may depend on the peak A.C. voltage 
for initiating the discharge, and in 
such cases a voltage pulse is used for 
D.C. starting. For this purpose the 
normal A.C. choke may be included in 
the lamp circuit, with a shorting 
switch connected across the lamp. 
When the switch is opened the volt- 
age pulse from the’ choke is sufficient 
to ionise the lamp gases and start the 
discharge. 

In the case of the 80w. fluorescent 
lamp, the normal A.C. circuit is used, 
except for the addition of a stabilis- 
ing resistance in series with the choke 
and the removal of the P.F.C. con- 
denser, as shown in Fig. 22. In long 

















ae enee| 


Reversin 
Resistan 4, 


Swite 










200- 250V 
0.C Supply 


Choke 





Line Neutral 


Fig. 22. Circuit for D.C. mains operation 
—80-W. tubular fluorescent lamp. 
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lamps of this type continued operatig 
with fixed polarity causes a temporan 
darkening of one end of the 
due to a gradual migration of me. 
cury. Periodical reversal of polarity 
will prevent or correct this conditig, 
and a rotary reversing mains switd 
is a convenience. 


(10) American Practice, 

There are many points of intereg 
in American circuit practice, espec. 
ally in regard to fluorescent lamp 
which have already found application 
where the treatment required diffes 
from that suited to the industria 
lighting field to which most Britis) 
experience has so far been confined 
American practice in general is ven 
thoroughly reported (©), and this re 
view is restricted to points of particu. 
lar significance, and to major trends 

The prevalence of 120v. AC. sup 
plies has, of course, resulted in wide 
spread use of step-up transformers of 
both the close-coupled and high re 
actance types. Some practices ar 
directed to the most effective utiliss 
tion of the scope given by this add: 
tional component, thus obtaining some 
compensation from an _ unavoidabk 
complication. A second broad inf 
ence is discernible in a marked ani 
perhaps growing tendency for instal- 
lation factors to determine the choice 
of lamp circuits—a trend which reacts 
to some extent on lamp design. 


(10.1) Hitch ReEacTaNcE TRANSFORMER 
BALLASTS 

The H.R. Transformer is used for 
single HPMV lamps and for cold 
cathode fluorescent lamps in seriés 
An extended primary winding is usd 
to reduce the size of PFC condense 
as described in (6.3) and shown i 
Figs. 9 and 25. 


(10.2) THe Two-Lamp CIRCUITS 
A “single ballast” is widely usd 
with pairs of lamps of all types, t 
cluding HPMV, and consist of 3 
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dose-coupled step-up transformer 
feeding complementary lagging and 
Jeading circuits. Fig. 23 shows a typi- 
cal arrangement for two fluorescent 
Jamps, the “ballast” being enclosed 
in dotted lines. Constructionally, the 
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Fig. 23. 


120V A.C. Supply . | 


American practice — two-lamp 
pre-heat circuit. 


combining of components is carried to 
the extent of joining the cores of the 
transformer and chokes, the whole 
being sealed in one container. 

In earlier practice, the starter 
switch was built into the ballast the 
whole of which was regarded as re- 
placeable. It is now usual to locate 
switches with each lamp, giving 
accessibility for replacement. This 
makes it convenient to operate pairs 
of lamps in series on both the leading 
and lagging branches, each lamp 
having its own switch. 


(10.3) CatHopE Pre-Heat SwItTcH 
CIRCUITS 

Owing to the constant current 
tendency of the leading branch of 
the two lamp circuit, a “start- 
ing compensator” has been used 
to give a higher current with 
the lower wattage fluorescent 
lamps. Connected in series with the 
starter switch is a small choke which 
brings the circuit nearer to a series 
resonance while the switch is closed. 
This device is not used with 65w. and 
100w. lamps which are fitted with 
thermal starter switches—see (8.7.1). 
A further refinement applied to 
starter switches is a “no-blink” de- 
vice which latches the switch open 
after repeated attempts to start a 
failed lamp—a scheme _ especially 
favoured where lamps are inacces- 


-O.C. voltage being 








120V A.C Supply 
Fig. 24. 


American practice — two-lamp 
instant-start circuit. 

sible and group 
adoped. 


replacement is 


(10.4) Instanr Start CIRCUITS FOR 
Hot CatHopre Lamps 

A recent development is the instant 
start circuit in which the circuit 
technique of the “cold-cathode” 
lamp is applied to the hot cathode 
type. As shown in Fig. 24, no cathode 
pre-heat is applied, the lamp being 
started with cold cathodes by apply- 
ing a voltage about four times the 
normal arc voltage. This scheme in- 
volves a special lamp design in which 
the cathodes are protected from posi- 
tive ion bombardment, and attain full 
working temperature in a fraction of 
a second. 

The higher open circuit voltage of 
the ballast means higher initial cost 
and higher losses than with the 
cathode pre-heat circuit. Typical 
figures quoted for ballast losses in pre- 
heat and instant-start circuits are re- 
spectively 18 per cent. and 26 per 
cent. 


(10.5) Two Lamp Crrcuir ror CoLp 
CaTHODE Lamp 

A circuit similar to that of Fig. 24 
is used for operating two cold cathode 
fluorescent lamps, the transformer 
750v. for the 
7 ft. 9 in. 25 mm. lamps with an 
operating lamp voltage of 450v. 


(10.6) H.V. Serres Operation or Hor 
CATHODE FLUORESCENT LAMPS 

It is foreshadowed that the hot 

cathode lamps developed for the in- 

stant start circuit will be operated 

several in series from a single high- 
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4 12-40 Watt Lamps 
Open. Total Lemp Voltage 1296V 
Circuit 





PF Corr. 
Cond. 

120 A.C. 
woe B 


Fig. 25. American practice—series opera- 
tion of hot cathode lamps. 
reactance transformer as shown in 
Fig. 25, thus carrying the adoption of 
“cold cathode” practice a_ stage 
further. The advantages anticipated 
are reduced ballast losses, and a 
minimum of wiring where the lamps 
can form the entire secondary circuit. 


(10.7) Losses In BaLLasts 

As compared with past practice in 
this country, there is a tendency to 
accept higher losses in return for 
more convenient shapes of ballast, 
and for greater freedom in installa- 
tion design generally—losses in auxi- 
liaries may be between 15 per cent. 
and 30 per cent. of the total watts. On 
the other hand, the urge to reduce the 
use of critical. materials in wartime 
is leading to the use of higher supply 
voltages, and this may result in some 
reduction of losses. 


(11) Magnetic Control of Arc Position 
400w. HPMV Lamp 

When the normal 400w. HPMV 

lamp is operated horizontally, con- 

vection currents carry the arc—a 

luminous cord 6 in. long and } in. 

_ thick—up into contact with the wall 
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Fig. 26. , eae control—400-W. 


lamp. 


of the lamp. The luminous efficiency 
is thereby reduced, and excessive 
heating may damage the lamp. 4 
magnetic field is therefore used to de. 
press the arc to the axis of the lamp, 
and Fig. 26 shows the circuit of a fully 
automatic control, and typical ar. 
rangements of the magnets. 

The magnet circuit is in series re. 
sonance to bring the flux into phase 
with lamp current. Since the field 
strength is proportional to lamp 
voltage and an inverse function of 
lamp current, the product of field 
strength and lamp current remains 
substantially constant for all lamps 
operating normally on supply voltages 
from 200—250 volts. 

Tests show that the 160v. arc runs 
about 1/16 in. above the lamp axis, 
whereas the 110v. are is about 1/16 in, 
below. This variation arises from a 
difference in behaviour of the arcs— 
thus the 160v. are is a narrow cord 
and has a greater tendency to rise 
than the thicker and less clearly de- 
fined column of the 110v. arc. Alterna- 
tive compensated fields have been 
described elsewhere (7), but the cir- 
cuit of Fig. 26 has found a wide use 
due to its simplicity and low power 
consumption—3 watts at 200v. and 52 
watts at 260v. 

The reduced tendency of the low 
voltage arc to rise has been used in 
producing a 400w. lamp suitable for 
horizontal operation without magetic 
control. The low lamp voltage and 
high current result, however, in a 
lower circuit power factor and a 
higher choke loss, and these together 
with a reduced luminous efficiency 
make it less attractive than the 
magnetically controlled standard 
efficiency lamp. 


(12) Circuits for High Frequency 
Supplies—600 Cycles 
(12.1) WAVEFORMS AND. LAMP 
PERFORMANCE 
The significance of H.F. operation is 
immediately obvious from a compati- 
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600 Cycle Supply 
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Fig. 27. 


son of the waveforms obtainable at 50 
cycles and at 600 cycles. Fig. 27 
shows experimental data obtained 
fom an 80w. tubular fluorescent 
lamp operating with choke, con- 
denser, and resistance stabilisation. 
The elimination of the arc re-ignition 
voltage peak is clearly seen with both 
choke and resistance control, and lies 
behind the vastly improved wave- 
forms with condenser stabilisation at 
600 cycles. 

As a component of the electrical 
circuit, the lamp behaves at 600 cycles 
very much in the manner of a resis- 
tance, due primarily to reduced igni- 
tion voltage. This change is probably 
due to the maintenance of lamp gases 
in a state of intense ionisation at 600 
cycles, as compared with 50 cycle 
operation where ionisation density is 
able to fall during the longer period 
around current zero. There is experi- 
mental evidence that lamp voltage is 
reduced, and that luminous efficiency 
is increased by H.F. operation. 
With resistance stabilisation, the re- 
ignition delay at 50 cycles has dis- 
appeared at 600 cycles and a sine 


High frequency operation —waveforms. 


wave of current is obtained. The 
change in current waveform is barely 
discernible with choke control, due to 
suitable phasing of the supply voltage 
in the 50 cycle circuit as discussed in 
(3.1.2). From the circuit standpoint, 
therefore, the most important change 
is the attainment of sine wave condi- 
tions with condenser stabilisation, 
and all this implies in increased scope 
in circuit design. 


(12.2) STABILISATION AND PoWER Factor 
CORRECTION 


The normal 50-cycle choke stabilisa- 
tion practices are, of course, applic- 
able, and power factors closely 
approaching unity are obtainable due 
to the improved waveforms. Choke 
inductance and P.F.C. capacity are 
both reduced as inverse functions of 
frequency, assuming the same lamp 
voltage and ratio of lamp voltage to 
supply voltage. 

Since entirely satisfactory stabi- 
lisation*is obtained with a series con- 
denser only, H.F. operation offers the 
potential advantages, discussed in 
(7), of power factor correction with 
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a minimum of circuit components, 
i.e., alternate lamps on condenser and 


choke stabilisation. 


(12.3) CONDENSER STABILISATION— 
STARTING METHODS 
Condenser _ stabilisation 


starting problems, in so _ far 


presents 
as 


methods commonly used with chokes 


are not available. 


Thus the shape of 


the volt-ampere characteristic can- 
not be controlled in component de- 
sign to hasten the run-up, since con- 
denser impedance is not influenced 


by current changes. 
ing voltage surge 
initiating a discharge. 


available 


Nor is a switch- 
for 


In the high frequency (1,000 cycles) 
scheme of Fig. 28, the open circuit 


voltage 


is sufficient to start the 


1,000-W MD lamp, as described for 
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Fig. 28. High frequency operation—|,000 
cycle circuit for 1,000-W. MD lamp 
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Fig. 29. High frequency operation— light 
tion. 
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50-cycle operation in (8.3). Although 
a close-coupled transformer is 
this is not in fact an example of pur 
capacitance stabilisation, since the 
regulation of the small alternator may 
be represented partly as a series jp. 
ductance. Hence the lamp is stabi. 
lised with capacitance and induc 
ance in series, giving a volt-ampere 
characteristic of the form shown ip 
Fig. 15, and a fast run-up is obtained 
Where a relatively high starting 
voltage is required with condenser 
stabilisation alone, a low value of the 
ratio lamp volts/supply volts may he 
accepted and a high open circuit 
voltage used, as in the instant:start 
scheme described in (10.4). Alterna. 
tively, the simplest forms of resonant 
circuit (28) are applicable to HF 
operation owing to the elimination 
of the difficulties described in (8.9) as 
typical of low frequency operation. 


(12.4) Ligut Mopvu.atiIon 

With increasing supply frequency, 
the modulation of the light output of 
the discharge lamp falls steadily, 
Fig. 29 shows an experimental curve 
obtained with a 250-W ME type com- 
pact source lamp, and corresponding 
points for the 80-W tubular fluores 
cent lamp are shown at 50 cycles and 
600 cycles. 


(12.5) PoreNtTiaL ApvANTAGES or HF. 
OPERATION 

The advantages visualised with 
H.F. operation include reduced siz, 
weight, and cost of circuit com 
ponents; reduced circuit losses and 
light modulation; increased lamp 
efficiency, greater scope in circuit 
design, and high power factors. These 
potentialities arise from reductiens 
in choke inductance and condense 
capacity, which, for the same volt 
ampere conditions, are both inverse 
functions of frequency; and from 
chenges in lamp performance, whic 
are reflected in the greatly improvel 
voltage and current waveforms. 

Perhaps the widest interest will k 
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gmmanded by the possibility of cir- 
wit components of such modest 
dimensions that accommodation may 
pesent no more difficulty than the 
housing of lamp holders. There are, 
however, good grounds for expecting 
that the reduced cost of auxiliaries 
will offset the cost of frequency con- 
yerters even for relatively small in- 
gallations, and will show a sub- 
stantial saving in the total installa- 
tion cost of larger loads. It is 
probable that the overall efficiency of 
light production will be greater than 
with normal 50-cycle operation, due 
to reduced circuit losses, increased 
lamp efficiency, and the high 
efficiency of present-day frequency 
conversion. / 

Where discharge lamps have to be 
operated from low voltage D.C. 
supplies and a motor alternator is un- 
avoidable, there is an overwhelming 
case for H.F. operation. This is due 
not alone to reduction in size of 
alternator and circuit auxiliaries, but 
also ‘in certain cases to the scope for 
offsetting the alternator inductance 
with a series condenser—as in Fig. 28 
—and utilising the alternator regula- 
tin as a stabilising impedance (29). 
Excessively large condensers would 
be required at 50 cycles.* 


(13) Light Modulation—Effect of 
Circuit Design 

In considering the so-called strobo- 
scopic effect, it is necessary to 
examine both the degree and the 
frequency of light modulation. To 
produce a stroboscopic effect of 
scientific value, such as that described 
by Warren (2°), very special efforts 
are required in both lamp and circuit 
development. The electric discharge 





* We are especially indebted to our 
colleagues, Mr. G. T. Grapes, Mr. S. C. 
MacDiarmid, and Mr. R. V. Mills, for 
the preparation of experimental data on 
HF. operation of lamps, and to Mr. J. H. 


Walker for advice on frequency con- 
Version. 


stroboscopic tube gives sharp defini- 
tion of a fast moving mechanism in 
apparently arrested motion by pro- 
ducing great pulses of light, each 
strictly confined to an extremely 
small fraction of the cyclic period. 
Thus in apparently arresting the 
motion of a cam rotating at 3,000 
r.p.m., the tube gives a light pulse 
lasting only about 10 microseconds, 
followed by an interval of complete 
darkness lasting nearly 20,000 micro- 
seconds, during which the cam com- 
pletes unseen a cycle of motion. The 
essence of success is a marked dis- 
continuity of light output. : 

There is no discontinuity of the 
light output from a normally operated 
discharge lamp, although with A.C. 
operation there is a cyclic light modu- 
tion, the degree and frequency of 
which can be controlled in practice 
by circuit design and arrangement. 
Thus with 50-cycle operation of the 
80-W fluorescent lamp, the light 
modulation is about 55 per cent. at 
100 cp.s. for a single lamp; 25 per 
cent. at 100 c.p.s. for two lamps phase- 
displaced 120°; and 5 per cent. at 
300 c.p.s. for three lamps each phase- 
displaced 120°, With a single lamp 
operated at 600 cycles, the light 
modulation is about 26 per cent. at 
1,200 c.p.s. 

In assessing the relative practical 
significance of the amplitude and the 
frequency of light modulation, it is 
necessary to consider the mechanism 
of the “stroboscopic” effect observed 
in the ordinary usage of lighting in- 
stallations. At really low frequencies, 
a*relatively low percentage modula- 
tion can be detected as light flicker 
in a stationary scene—as, for example, 
with filament lamps on 25-cycle A.C. 
With 50-cycle supplies the eye does 
not seem to detect even quite high 
percentages in the absence of motion, 
provided peaky waveforms are 
avoided as discussed in Section 
(3.2.4). The movement of a highly 
reflecting object, however, puts in a 
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time base so that the modulation is 
displayed as a spatial sequence of 
contrasting brightnesses, dependent 
upon persistence of vision. The 
maximum contrast possible is a 
function of the percentage light 
modulation, and the phenomena is 
better discerned against dark back- 
grounds. Increase of frequency has 
the effect of cramping the time base 
and merging the contrasts, thus in- 
creasing the difficulty of detecting a 
given percentage of light modulation 
even with quite swift movements. 


° (14) Radio Interference 

With the prospect of a widespread 
domestic use of tubular fluorescent 
lamps, there arises the question of 
radio interference. That due _ to 
operation of starter switches, being 
momentary and very infrequent, need 
be no more objectionable than that 
experienced with ordinary light 
switches. Energy at radio frequencies 
is generated by the tube itself in 
normal operation, and may be 
radiated from the lamp and adjacent 
wiring, or transmitted along the 
mains. 

Experience to date shows that in- 
terference is seldom encountered 
when a suppressor condenser iis con- 
nected across the lamp as described 
in (8.7.1), but further precautions 
may be required in certain cases. 
Thus, radiation .direct from the lamp 
to an aerial lead may be eliminated 
by re-orientation or greater separa- 
tion, and in the last resort by screen- 
ing. Feedback along the supply leads 
and mains can be prevented by 
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various forms of acceptor or rejecto 
circuits, examples of which ay 
shown in Fig. 30. Condensers with 
low impedance at radio frequencig 
are essential for this purpose, anj 
condensers satisfactory for 50-cycle 
applications may have appreciable ip. 
ductive impedance. 

Radio interference is a comple 
matter in that rare cases sometime 
arise from obscure causes, even under 
conditions normally associated with 
freedom from trouble. It is therefor 
difficult to generalise, although ther 
is often every incentive to do 9, 
BSS. 800 at present covers only the 
medium wave and long wave bands, 
but a great deal of investigational 
work was interrupted by the war, 
The subject is therefore likely to 
receive further attention in the near 
future. 


(15) Noise from Circuit Components 


The tubular fluorescent lamp is cer- 
tain to find a wide use in homes, 
hospitals, libraries, and other loce 
tions where the normal noise level 
is much lower than in_ industrial 
areas. Circuit components will be 
located in the rooms, or in wall and 
ceiling recesses, and extremely low 
noise emission is essential. 

Noise from chokes and transformers 
is due to vibration of the core or 
nearby metallic parts, and is caused 
by the pulsating magnetic forces. The 
minimising of this effect is of course 
an intricate part of choke design, but 
the installation engineer may still ke 
required to take certain precautions 
Thus stray magnetic flux may set up 
vibrations in adjacent magnetic 
sheets, and noise may be emitted 
even from non-magnetic conducting 
sheets where interaction occurs be 
tween the alternating flux and eddy 
currents induced in the material 
Stray flux can be limited by special 
core designs in some cases, and th 
whole question of noise is another 
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the many requirements presented to 








the choke designer. 
In general, a level of about 15 
phons at six inches from the com- 
ponent is acceptable for office and 
domestic use. Typical noise levels 
are— 
Noisy aircraft engine.. 
London tube train— 
MEADIA, «<5 scsaneese<ess ae 
Typical office with 
one typewriter in 
MEAOTE ...cccseccede0s oO ,, 
Normal conversation.. 50. ,, 
Quiet residence ....... 20-40 __,, 
Quiet bedroom at 
A ean 


(16) Probability of Variation § in 
Circuit Performance 

This subject has been reviewed 
elsewhere in some detail by a col- 
league of ghe Authors’ (2 and it is 
here intended only to draw attention 
to an important aspect of circuit 
engineering. 

In restricting variation of perform- 
ance, it is a necessary: principle of 
design to seek a scheme which takes 
advantage of close limits readily 
obtainable in manufacture, and to 
avoid critical dependence on factors 
which are difficult or costly to 
control. Even so, there is always an 
element of compromise, and in the 
manufacture of all circuit com- 
ponents it is necessary to permit 
tolerances which in practice cause 
some variation from nominal condi- 
tions of lamp operation. To ensure an 
acceptable performance at all stages 
of lamp starting and operation, the 
creuit engineer has to legislate for 
such tolerances, coupled with time-to- 
time variation in power supply. 
bg peints are briefly reviewed 
ow. 


124 phons 


10-20 _,, 


(16.1) WattaGE VARIATION 
When a lamp is operated with a 
tapped choke, the wattage spread is 
delerminéd by the following dis- 
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cernible factors to each of which 
token tolerances are assigned. 

I. Lamp operating voltage may lie 
anywhere between limits fixed by 
economic and technical considera- 
tions; with a typical choke design, the 
resultant variation in lamp wattage 
may be + 1.5 per cent. 

II. The overall impedance of the 
choke may have a manufacturing 
tolerance of -t 2 per cent., leading to 
a lamp wattage variation of +2 per 
cent. 

III. Where a number of nominal 
supply voltages is covered by com- 
binations of a lesser number of choke 
taps, compromise and tolerance in 
tap location may result in a wattage 
variation of + 2 per cent. 

IV. Supply voltage Variations of 
+ 6 per cent. from nominal are per- 
mitted at the consumer’s terminals, 
and an additional drop of 2.5 per cent. 
may be allowed for regulation within 
the installation. A total tolerance of 
+ 6 per cent.—8.5 per cent. may 
account for a lamp wattage variation 


between + 14 per cent. and—19.5 
per cent. 
When a number of independent 


factors contribute to the variation of 
a quantity, it is fortunate that the 
maximum possible deviation from the 
nominal value is seldom approached. 
Thus Fig. 31 (a) shows the probable 
distribution of error arising from the 
factors discussed above, and Fig. 31 
(b) shows the percentage of lamps 
having less than a selected wattage 
error. 


(16.2) VARIATION OF STARTING 
CONDITIONS 


A similar review may be made of 
factors affecting the run-up time of a 
lamp. Referring to Fig. 14, if curves 
1 and 2 were to represent the limits 
of lamp characteristics, it is clear that 
the run-up time should be checked 
before accepting curve (b) as a lower 
limit of circuit performance. 

The production of starting voltage 
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surges, as discussed in (8.7.1), is cussed, and it is proposed Iftre to com- 
another subject appropriate for ment only upon the last item. h 


statistical investigation. 


(17) Factors Influencing Choke 
Design 

It is not the intention of the authors 
to attempt to expound principles in 
choke or transformer design, but it is 
illuminating to summarise some of 
the requirements imposed upon the 
designer of such components. These 
include:— 

I. Starting current to be within 
specified limits. 

II. Volt-ampere characteristic to 
be shaped to aid the lamp 
run-up. 

III. Lamp wattage to be within 
close limits at nominal supply 
voltage. 

.V. Tappings to accommodate 
various supply voltages, and 
meet I, II, and III on each. 

V. Low power losses. 

VI. Low noise level. 

VII. Insulation to withstand surge 
voltages. 
VIII. Convenient shape and bulk 

Most of these factors have been dis- 
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general, a cubic shape gives the most 
economic design as regards weight, 
volume, and power losses—in most in- 
dustrial applications these factors 
have determined the shape. Where 
circuit components have to be accom- 
modated inconspicuously in neat fit- 
tings, however, there is an immediate 
demand for slim chokes. Hence, by 
the time a choke design has met basic 


Fig. 32. Circuits laboratory — experiment 
operation of ME type lamp. 
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credit requirements, complied with well represent a prodigious amount of 
safety regulations, and been corseted experience and ingenuity. 

tomeet installation requirements, this 

aparently simple component may (18) Electrical Measurements 


As applied to lamp circuits, elec- 
trical measurement is a particularly 
exacting matter where any significant 
degree of accuracy is required. The 
Authors can only draw attention to 
the general nature of problems which 
have been covered by colleagues at 
greater length elsewhere (2!) 22). 


ee ee Oe Ce a 


Some of the problems arise from 
unusual waveforms; extremely low 











a power factors; modification of circuit 
Gr performance by the introduction of 
5 measuring instruments; and from dis- 
ty charge phenomena. Due to non- 
ge - : Z sinusoidal waveforms, measurements 
| all an of voltage, current, and impedance 
Fig, 33. Circuits laboratory — experimental ™ay require interpretation, especially 
operation of MD type lamp. in co-ordinating experimental re- 
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Fig. 34. Part of circuits laboratory—Hays Bridge. in foreground and oscilloscope 
bench on extreme right. 
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Fig. 35. 


search and dévelopment with equip- 
ment design methods based normally 
on sine-wave principles. Thus a suit- 
able stabilising impedance may be 
determined experimentally, and then 
specified by measurements made 
under sine-wave conditions. It does 
not follow, however, that a choke 
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Laboratory equipment for the experimental determination of light modulation 
—see Section (13). 
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designed to such a simple specific 
tion alone will reproduce the 
original experimental result when 
tested under non-sinusoidal cond 
tions. An illustration of the influence 
of lamp behaviour is provided by the 
80w. tubular fluorescent lamp, in 
which—as has been reported to the 
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Fig. 36. Typical discharge lamps and circuit components. 


— 23 — 








XUM 














CIRCUITS FOR DISCHARGE LAMPS 


Society the lamp voltage varies with 
ambient temperature. 

A laboratory engaged upon circuit 
research and development work re- 
quires a wide range of instruments 
and special equipment, including such 
items as dynamometer, thermal and 
thermocouple ammeters;  electro- 
static voltmeters; oscilloscopes with 
camera attachments; recurrent surge 
oscillograph; low power factor watt- 
meters; Hay’s Bridge. Facilities are, 
of course, required for special cali- 
brations, including those at fre- 
quencies up to some 3,000 cycles. A 
considerable variety of power sup- 
plies is necessary, including various 
high frequency sets. 

In general, methods of measure- 
ments and the characteristics of in- 
struments have to be studied as care- 
fully as the characteristics of lamps, 
and the principles of circuit and com- 
ponent design. 
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DISCUSSION 


Mr. J. M. WaLpRaAM paid tribute to the 
extraordinary amount of skill which had 
been put'into designing the components 
whith the paper had described, by which 
a great deal of complexity had been 
translated into simple articles. 
Fluorescent lamp designs and com- 
ponent designs in this country had been 
considerably aftected by the fact that 
they were a war-time development, and 
the compromises mentioned by the 
authors might not be the optimum for 
lamps more suited to peace-time condi- 
tions. It might occur that the balance 
which determined the design of chokes 
and condensers might have to be 
altered. The flicker of  80-watt 
tiuorescent lamps on starting was a 
matter for consideration in relation to 
dwelling houses and places other than 
factories. In such circumstances the 
‘‘damnation ” factor of some of these 
characteristics might be viewed dif- 
ferently; he put convenience’ very 
high in the desirable characteristics ol 
these lamps. It was essential to con- 
sider the importance of starting with- 
out flicker, and also starting quickly. 
There was also the question ot the run- 
up time. One appreciated that in the 
case of the ordinary high-pressure 
mercury vapour lamp, a fairly appreci- 
able run-up time was inevitable; and 
for uses other than in factories that was 
an important consideration. He asked 
whether there was any possibility of 
dimming these lamps, because such a 
possibility would be useful in certain 
tields. The use of lamps on high-fre- 
quency circuits gave a lot of food for 
thought, particularly in aircraft where 
high-frequency circuits were contem- 
plated in the larger craft, and where the 
use of lighter chokes would be a con- 
siderable advantage. Finally, the need 
for a statistical approach mentioned by 
the author was an important matter; 
illuminating engineers needed to know 
a great deal more about the statistical 
side of their problems than they did. 


Dr. S. ENGLISH congratulated the 
authors on the amount of useful infor- 
mation they had been able to compress 
into the paper, which had shown conclu- 
sively that in the matter of auxiliaries 
for use with the various types of dis- 
charge lamps it was not a matter of 
reaching something down from the shelf 
and seeing.how it worked. In spite of 
the care that had been given to this 
matter, he wondered if something better 
could not be done for post-war work, 
particularly in the reduction of the size 
and weight of auxiliaries. Fittings de- 
signers who were familiar with Ameri- 
can practice were envious of the very 
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compact and light auxiliaries that wey 
used with the 4-ft. 40-watt lamp, an 
which could be -accommodated ip ; 
depth of about 13 in., compared’ wif 
the 5 in. or 6 in.-that had to be allows 
for our 80-watt lamp choke. It 

that the American auxiliaries caus) , 2” 
greater electrical losses, and that cop. 
pactness and lightness were preferred t) 
nigh efficiency, whereas our lamp de 
signers had aimed at electrical efficieng; 
first, and let the mechanical side log 
after itself. The authors’ opinion » 
this point would be interesting, espei. Af 
ally if they could give any hint of pos. 
war trends. 

Turning then to the question of th 
starter, Dr. English said this was looke 
upon as an unmitigated nuisance sing 
everybody wanted a lamp that started 
on the operation of a switch and with 
out the interposition of an intermediary. 
In practice, the starter was one of the 


chief sources of trouble, and even when pom 
it worked it was liable to cause a littl} wher 
“ blinking ” before the lamp struck. The} pe 
Americans had what they called a “no§ jine 
blink” starter, which, if it lived up tof fully 
its name, would be a welcome featur} who] 
until such time that the starter could bef with 
done away with altogether. way 


The enormous advantages of high fre. 
quency supply referred to by the M 


authors were most attractive, but hef jook 
hoped that they would not give rise tf yjew 
a demand for the present grid-fre} hin} 
quency to be altered. fluor 
futu 

Mr. A. CUNNINGTON said that although} scho 
in the past he had been critical, on} pro 
occasions, of apparatus put forward by} conc 
manufacturers. in that he did not think} sing 
it had been sufficiently considered from} wha 


the point of view of maintenance ani} did 
upkeep, he felt that in regard to 
fluorescent lamps he could speak hand} We 


somely in the other direction. He} tang 
thanked the research physicists particu} ‘that 
larly for the extraordinarily fine way inf With 
which they had developed these new} Stan 
lamps. As testimony to the resources} PUI 
of the manufacturers he mentioned that} Ux 
a short time ago he was considering} ‘iti 


taking a standby supply which was ac, SI] 
when the normal supply was 4d.c., and 
assumed that fluorescent tubes coulif ‘on 
not be used under such conditions, but 
“Rugby” were prepared to design :— %4 
lamp with accessories that would make— one 
it. work satisfactorily on such a dulf %1 
service. stall 
As regards power factor correction, pros 
he had rather been under the Mj ji. 
pression that this need only be done il it 
the supply authority insisted upon It 
Having heard the authors, however, ! 
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DISCUSSION 


rather. seemed that it was not a ques- 
tion of waiting until one was forced to 
do it. Was he right in assuming that 
it was better, at all times, to insist on 
power factor correction? 

The noise question was, he supposed, 

y one of manufacturing technique. 
The noise level should be brought down 
as low as possible, and he hoped he 
would not be told it was a maintenance 
problem and that he had not been look- 
ing after his chokes! ‘ 

After inquiring whether series run- 
ning of these lamps had been adopted 
in any large factory installation, Mr. 
Cunnington said we should not lose 
sight of the fact that high-pressure dis- 
charge tubes of various colours were 
likely to be available as a means of 
illumination, and he mentioned four in- 
stallations on the Chessington Line of 
the Southern Railway, where the plat- 
forms were covered by a long rein- 
forced concrete roof of arched form and 
where the tubular lighting appeared te 
be the most appropriate. The long 
line of light overhead gave a beauti- 
fully diffused illumination, and _ the 
whole-of the platform was well lighted 
without the light source being in any 
way obtrusive. 


Mr. F. CHARLES RAPHAEL said that, 
looking at this matter from the point of 
view of an installation man, he had to 
think of the applications of the 
fluorescent lamp in the immediate 
future, i.e., in the lighting of dwellings, 
schools, and hospitals in this order of 
priority. So far as private houses were 
concerned, there would be mostly 
single lamps in each room, and from 
what had been said in the paper he 
did not think the circuit and auxiliary 
gear would create many difficulties. 
We must, of course, hope for a wider 
range of wattages, and he did not think 
that the householder would be satisfied 
with the appearance of the present 
Standard reflector troughs. For wiring 
purposes it is not essential to have the 
auxiliary gear embodied in the lamp 
fitting. In the case of schools and 
hospitals, the noise question became a 
Serious problem. Unless some modifica- 
tio could be made in the design of 
chokes to make them silent—that is to 
say sufficiently to guarantee that every 
one of them would be silent—it might 

hecessary in school and hospital in- 
Stallations to put all the chokes out- 
side the class-room or ward in a sound- 
proof place. That might sound simple, 
but from the installation point of view 
it’ introduced complications because 
every one of the circuits would have to 
be taken in and out of the sound-proof 


cupboard. It was very doubtful 
whether a single power-factor-correct- 
ing condenser could be put there to 
serve the whole installation, and again 
it was mecessary to have a separate 
choke for each lamp. The wiring 
problem, in fact, would be a consider- 
able one, and to serve a number of 
classrooms in the same corridor the 
size of the sound-proof cupboard would 
be sufficient to make it necessary for 
the architect to moke special provision 
for it initially. It seemed to be taken 
for granted that chokes must be noisy, 
and almost to doubt that they were 
doing their duty if they could not be 
heard, but for the full development of 
the fluorescent lamp a reliably silent 
choke would be an ultimate essential. 
An approximate quantitative value of 
the noise of a single choke was given in 
the Paper, but since all the chokes 
would emit the same note, it was fair to 
assume that four or five chokes in 
a room would make four or five times 
as much noise as a single choke, just 
as the volume of sound from four people 
singing in unison would be four times 
as loud as the voice of a single person. 
The correct design of the choke coil 
would ultimately become of equal im- 
portance with the purely physical 
characteristics of the lamp and the 
physical and electrical characteristics 
of the circuits. In a hospital ward, too, 
as things were at present, he would 
hesitate to put a lamp and choke to- 
gether, as was done in workshops. He 
could not agree with the view of another 
speaker who had been a patient in a 
hospital ward that there was so much 
noise of bell signals that the continuous 
hum of choke coils would not matter. 
One of the important tendencies of 
hospital practice in recent years had 
been to replace bell signals with visual 
signals, and those who were not familiar 
with hospital work would be surprised 
to see the developments in this direction 
that had been made in’ modern. and 
modernised hospitals. The necessity 
for dimming in hospital wards did not 
preclude the use of fluorescent lamps 
for general lighting, for such dimming 
as was necessary could always be done 
by additional tungsten filament lamps, 
which it was quite a simple matter to 
dim by means of simple series con- 
densers. Dimming of fluorescent lamps 
could be left out of consideration at the 
moment, and the more important things 
should be dealt’ with first. 


Mr. C. R. BICKNELL thought a paper of 
this kind would disabuse anyone of the 
idea that anybody who could wind a 
coil and buy a few stampings could make 
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a choke coil suitable for use with electric 
discharge lamps. Referring to resistance 
stabilisation and the reference in the 
paper to the system in which an electric 
discharge lamp has its ballast incorpor- 
ated in it in the form of an incandescent 
filament, and the statement made by the 
lecturer that this was used only on D.C., 
he said that it was also used widely for 
A.C. working, mainly under industrial 
conditions. It had been found that un- 
less the volt-ampere slopes of the two 
parts of the circuit—discharge and fila- 
ment—were substantially the same, volt- 
age fluctuations on the mains tended to 
be taken up solely by the filament, with 
consequent shorteningsof its life. How- 
ever, that matter had been taken into 
account in the design of thé lamps speci- 
ally made with this type of control. 

Had the authors investigated the effect 
of interference of electric discharge 
lamps on television? The effect on 
ordinary sound reception was well 
known and it was very selective. He had 
investigated one case of interference 
with “sound” reception and found that 
at 4 to 5 m.c. there was interference; 
at 6 m.c. there was none; at 7 and 8 m.c. 
there was interference again, and from 
9 to 21 m.c. there was no interference. 

On the author’s basic diagram of the 
80-watt fluorescent tubular lamp there 
was shown a_ suppressor condenser 
directly across the contacts of the ther- 
mal switch. His own experience was 
that the discharge of the condenser 
tended to weld those contacts, and in 
the authors’ case there might have keen 
a slip in preparing the diagram. 

7 


Mr. W. J. Scott said he spoke from 
the point of view of the designer of 
lamps, and emphasised that it was im- 
possible to separate the design of lamp 
and circuit from one another, especially 
in the earliest stages. In this country, 
perhaps, there were more engineers 
than physicists concerned with lamp 
design. The starting of discharge lamps 
was a very old subject. Inductive kick, 
Telsa coil, starting bands, and even 
auxiliary electrode starting, had all 
been described over one-third of a 
century ago. It was the way of using 
these methods in lamps with hot 
cathodes and the proper design of associ- 
ated circuits and components that was 
new. All lamps, even high-pressure 
ones, are low-pressure lamps at the 
moment of starting. The authors have 
described how the H.P.M.V. lamp is so 
short that the arc strikes readily, and 
then its voltage builds up gradually to 
operating voltage, and also how fluor- 
escent tubes do not “run up.” To start 
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them, a voltage surge, preferably of » 
oscillatory nature, which is initiated y— In 
a starting switch, can be used, or ey 
brute force may be used in the form ¢ 
a circuit which applies a voltage two 
three times that required for stab} 
operation. The first course adds a switch, 
the second vastly increases ballast six 
and rating. 

Now in the case of the 5 ft. fluorescen 
lamp, which was expressly designed fo Mr 
war use in factories, what had to by 
torne in mind was that the circuit hag 
to be economical because materials wer 
going to be very scarce, everything had ated 
to be reasonably fool-proof, and the 
existing material, machinery and staffs 
had to be used as far as possible for its 
manufacture and installation. The choke 
was cubical, and not long and thin, » 
as to keep down the weight of material 
because we wanted to use transformer 
iron and copper as economically as pos 
sible. In the post-war period such 
economy will matter less and conveni- | 
ence for domestic use will matter more. and 

The possibilities of ‘using a_ high 


frequency supply were very consider. conte 
able, especially as during the last fives @™¢ 
years there has been a considerable aé- bag 


vance in high-frequency generator de 


sign. Machines from 500 to 10,000 cycles} “@: 
were now extremely efficient and were} Th 
being made in large numbers at a com-} Striki 
petitive figure, so that where the current = 


had to be generated on the spot, high 
frequency held out high promise. The} ‘m. 
discovery that a condenser ballast was 
practicable at 600 cycles, so enabling 
power factor and waveform to be im- 
proved more cheaply at 600 cycles than 
at 50 cycles, was an important British 
contributing to illuminating engineering 


Mr. VENESS, speaking as. an installa 
tion engineer, said that, in general, such 
difficulties as those mentioned were far 
outweighed by the advantage of getting} In 
light of better quality. Standardisation 
of starting-switches would be a great ad- 
vantage. He urged manufacturers 
avoid the variety of apparatus which ha 
proved so troublesome to the user In 
connection with plugs and sockets; other- 
wise it would be necessary to have a re 
store full of parts for the purpose of 
repair. it 

Would it be a practical proposition 
factories to run a number of lamps 2 
series? One drawback would be that if 
one lamp failed all the series ar 
out, and the same applied to 
frequency installations. Another po 
sible source of trouble in the latter cas 
was failure of the high-frequency gent 
rator. It might be expedient to have é 
standby that could be switched on m 
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emergency, but was the additional cost 
of ag justified? 

ai In the case of high-frequency heating 
the generators had been found to be a 
source of great interference, and they 
could only be screened with difficulty. 
ight not the same trouble arise with 
igh-frequency generators for this form 
of lighting? 


Mr. R. MaxTED, replying to the discus- 
sion, agreed that what Mr. Waldram had 
called “damnation factors” would be 
more numerous and differently evalu- 
ated: in peacetime .applications of 
fluorescent lamps. The general differ- 
ences between the requirements of peace 
and ‘war were indicated by the compari- 
son of American and British practice 
given in the paper. While we had 
started with a pre-heated cathode lamp 
as essentially an economic development 
for! war-time factories, the Americans 
had had extensive experience of apply- 
ing fluorescent lamps:in homes, ‘schools, 
and hospitals. They would not, there- 
fore, have the post-war development to 
contend with that we should. At the 
same time we must not forget that they 
were generally more conscious of the 
user angle than we had been before the 
war, 

The desirability of the simultaneous 
sttiking of lamps on group switching 
would perhaps provide an argument for 
series operation, or for some such sys- 
se. The} ‘em. It was possible to dim hot cathode 
fluorescent lamps provided the cathodes 
were kept hot by separate heating. The 
dimming circuit had then to ensure a 
satisfactory re-striking voltage at the 
British | beginning of each half cycle. 

Operation on high frequency supplies 
had obvious advantages in aircraft but, 
as the paper indicated, the great poten- 
tialities of the system were not confined 
to airborne equipment. 

In reply to Dr. English, the paper 
referred to the necessity of war-time 
choke design being based on high 
electrical efficiency, and a minimum use 
of critical materials such as steel and 
copper. This in general produced a 
choke of cubical shape. In peacetime 

te would be scope to compromise, as 
the Americans had done, and adopt more 
‘onvenient shapes in return for higher 

. The “no-blink ” device used in 
America was not in fact a starting 
Switch, It was a device to cut out a failed 

by latching the circuit open after 
repeated operations of the starter, thus 
avoiding useless wearing out of the 
switch. The Americans had huge over- 
head istallations where lamps were not 
teadily accessible, and the “no-blink ” 


uit had 
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system was often a part of the main- 
tenance scheme. 

The question of whether or not to use 
thermal starters scarcely entered into 
the problem of standardisation. There 
were arguments for and against, but the 
thermal switch had the obvious advan- 
tage that when, for any reason, the volt- 
age was low, adequate cathode pre-heat- 
ing was ensured before the starting surge 
was applied. This gave more reliable 
starting generally. 

Regarding the cost of high frequency 
generators, he suggested this would be 
largely. offset by the reduction in size 
and cost of circuit auxiliaries. Moreover, 
electrical. efficiencies were greatly im- 
proved, and the scheme appealed to him 
as being an economic proposition for any 
large installation. The system was not 
yet a fully developed practical proposi- 
tion although the potentialities seemed 
enormous. 

In reply to Mr. Cunnington, Mr. 
Maxted warmly agreed with the value, 
especially in orientating development 
work, of a detached viewpoint. He con- 
firmed that power factor correction was 
a definite advantage to the user if ap- 
plied at the lighting points, in that it 
reduced losses and voltage drops in 
cables. In new installations there could 
be a reduction in cable costs. Bulk cor- 
rection at the-incoming mains might 
satisfy the supply authority, but it did 
not increase the efficiency of the instal- 
lation itself. 

Mr. Maxted said he hesitated to reply 
in detail to Mr. Raphael, since this wouia 
involve pre-judging many _ post-war 
problems which were receiving, or had 
yet to receive, balanced consideration. 
He had, however, not the slightest doubt 
that the difficulties envisaged could be 
effectively surmounted. He thought it 
altogether too drastic, in the case of 
homes, schools, and hospitals, to consider 
putting all lamp auxiliaries outside 
in a soundproof cubicle as had been 
suggested. 

(Communicated. Referring to Mr. 
Raphael’s comments on noise, it should 
perhaps be stressed that the noise levels 
given in the paper refer to measurements 
made six inches from a choke. The 
characteristics of the ear, and the effect 
of distance, threshold, and background, 
are all factors in a complex relationship. 
The practical problem, while acute, is 
not insurmountable.) 

In reply to Mr. Bicknell, the thorough 
study of radio interference had of course 
been interrupted by the war, and further- 
more, it was, as stated in the paper, 
difficult to generalise. As regards the 
connection of the suppressor condenser, 
the diagram was correct and _ this 
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arrangement would cause no trouble if 
correct circuit constants were adopted. 
Replying to Mr. Veness, Mr. Maxted 
said he believed there was a proposal to 
go into the question of standardisation 
of auxiliaries, if something had not al- 
ready been started. It was of course not 
essential to adopt identical starting 
systems in order to achieve interchange- 
ability of replaceable components. As to 
the extensive use of high voltage 
systems in factories, he could not anti- 
cipate the Home Office attitude, but such 
equipment could be foolproof if well 
designed. A failed lamp could be auto- 
matically shorted, thus maintaining in 
operation the remainder of a series cir- 
cuit. The failure of a high frequency 
generator he considered a very remote 
possibility. Such machines were very 
reliable, and had in fact been widely 
used in war applications where continued 
operation was a vital necessity. Radio 
interference from high frequency sup- 
plies he considered extremely unlikely— 
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provided the machine had a good way. 
form—since the optimum supply fp 
quency would probably be in the audig 
frequency range, say between 300 ay 
1,000 cycles. 

A limited edition of this number of th 
Transactions is being printed. It will} 
issued only to those members who so desin 
and who should make application to th 
Secretary in due course. 
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The New I.E.S. Code 


Copies of the new I.E.S. Code, to by 
presented at the Sessional Meeting 
November [3th, have been circulated to aj 
members who have applied to receive liter 
ture published by the Society. Any member 
who has not yet received a copy may,howeyer, 
obtain one on application to the Secretary, 
Terms for the purchase of additional copie: 
will be issued shortly. 
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